Product dissection activities have been very successful used in engineering courses to help anchor the knowledge and practice of engineering in students' minds. Unfortunately, most product dissection activities tend to stress form, functionality, and fabrication, missing opportunities to explore the broader impacts of engineering design decisions. In this paper, we present initial efforts to transform product dissection activities into product archaeology exercises wherein students "dig" to uncover not only the manufacturing (i.e., economic) issues of a product, but also the global and societal context that influenced its development as well as the environmental impact of the product during its life cycle. We introduce two new classes of exercises-competitive "digs" and collaborative "digs"-to engage students in similar, yet different, ways in product archaeology. Competitive "digs" pit teams of students in a time-based competition to unearth the global, societal, economic, and environmental impact of a product while collaborative "digs" allow students to work together to dig more deeply into these issues over an extended period of time.
INTRODUCTION
Product dissection activities have been widely used in engineering curricula for nearly two decades. Many product dissection activities that are in use today have their roots in Professor Sherri Sheppard's Mechanical Dissection course at Stanford [1, 2] . Numerous engineering courses [3, 4, 5, 6, 7, 8] have drawn upon the materials and activities developed for her course. These initial developments were in response to a general agreement by U.S. industry, engineering societies, and the federal government that there had been a decline in the quality of undergraduate engineering education over the previous two decades [9, 10] . As a result, there was a push towards providing both intellectual and physical activities (such as dissection) to anchor the knowledge and practice of engineering in the minds of students [3, 11] . Product dissection has since become a popular pedagogy for engaging engineering students given its "hands-on" nature. Product dissection introduces students to functional products and processes, and providing such experiences early in the students' academic careers increases motivation and retention [4] . Product dissection can also be used to increase awareness of the design process [12] , and such "learning by doing" activities encourage the development of curiosity, proficiency, and manual dexterity-three desirable traits of an engineer [5] .
The majority of the product dissection activities that have resulted from these efforts tend to focus primarily on the technological aspects of the product, i.e., how it functions and how it is made. As such, most product dissection activities tend to emphasize the following [13] :
• Function-form determinations: What function does each component perform? Why are they made of their particular material? What manufacturing processes were used to fabricate the component? How do the forms, material choices, and manufacturing processes of components work together to help fulfill their functions? • Product architecture analysis: Why was the final configuration and layout chosen? How are other related product configurations and platforms connected to this product?
FOUNDATIONS FOR PRODUCT ARCHAEOLOGY
To most people, archaeology tends to conjure pictures of archeologists out in the field, digging in the dirt hoping to uncover artifacts that help them understand the ways of life and circumstances of previous inhabitants.
More formally, "archaeologists try to reconstruct life and culture of past ages through the study of objects created by humans, known as artifacts" [19] . While archaeologists use a variety of tools and methods in their work, their approach to a new site can be generalized into four phases [20] : (1) preparation, (2) excavation, (3) evaluation, and (4) explanation. For instance, to prepare the site, archeologists might survey the site, take aerial photographs to assess the layout of the site, and research the history of the inhabitants. During the excavation phase, archaeologists may indeed spend time digging and explore the site, looking for artifacts, tools, clothes, art, and other relevant evidence of its previous inhabitants. Depending on the nature of the site, the evaluation phase can include methods for chronological analysis (e.g., carbon dating), or analyzing the social, environmental, and technological aspects of the site and its inhabitants. Based on the obtained evidence, archaeologists conclude the study by developing suitable theories to explain what transpired at the site drawing from a wide range of theories (e.g., migration, diffusion) and explanations [20] .
If we consider consumer products as the artifacts under investigation, then we can create many useful pedagogical analogies stemming from archaeology. We begin by defining product archaeology as the process of reconstructing the lifecycle of a product-the customer requirements, design specifications, and manufacturing processes used to produce it-to understand the decisions that led to its development. The concept of product archaeology is not new; it was first introduced by Ulrich and Pearson [21] as a way to measure the design attributes that drive cost through analysis of the physical products themselves. Our view is much broader in the sense that product archaeology provides an opportunity to study not only the manufacturing cost (i.e., economic issues) of a product, but also the global and societal context that influenced its development. It also provides a context for studying the environmental impact of a product by considering, for example, the energy and material usage throughout the life cycle of the product (i.e., from cradle to cradle [22] ). When implemented in an engineering classroom, product archaeology allows students to visualize themselves as the designers and in the time frame during which a specific product is developed to try to re-create the global and local conditions that led to its development.
Continuing the analogy, the site preparation phase of archaeology corresponds to background research that an engineer would do before examining a product, including market research, patent searches, web searches, maybe even benchmarking existing products. The excavation phase is analogous to product dissection or "tear down" [23] whereby a product is disassembled into its constituent parts and subsystems, and the evaluation phase analyzes the components to understand how they were made and would function. Finally, drawing conclusions from the analyses on the overall functionality and product architecture, and documenting the results constitute the explanation phase of the process.
To anchor our analogy in formal learning theory, we use Kolb's model of experiential learning [24] . Kolb provides a four-stage process that involves (1) concrete experience, (2) reflective observation, (3) abstract conceptualization, and (4) active experimentation. We have mapped these modes directly to the four phases of archaeological exploration as shown in Figure 1 . Specifically, during the preparation phase students will reflect on what they know about the factors that impact the design of particular products and postulate responses to several questions relating to economic, societal, etc. aspects of the designs.
The excavation activities serve as concrete experiences where students can physically dissect products and perform appropriate research to develop well-reasoned answers to specific design-related questions. The evaluation and explanation phases provide opportunities for students to actively experiment and abstract meaning from both their research and concrete dissection experiences and understand their work in the context of how global, economic, environmental and societal factors influence design decisions.
Archaeological Approach to a Site
Kolb's 4-Stage Learning Model
Preparation
• Survey the site • Gather tools, etc.
• Our approach to developing archaeological exercises embeds explicit opportunities for students to reflect on their experiences; and based on these reflections, theorize on how components function and why they are made just so to adhere to global, economic, environmental, and societal influences. The next section describes two new classes of activities that have been developed to engage students in product archaeology based on this mapping.
COMPETITIVE AND COLLABORATIVE "DIGS"
For the past three years, we have been forging cyberenabled product dissection activities through two multiuniversity CI-TEAM projects funded by the National Science Foundation (NSF) [25, 26] .
These activities use cyberinfrastructure to enhance product dissection activities with online resources (e.g., 3D solid models, animations, videos, disassembly procedures, supporting documentation) to add depth to what students do in the classroom. The online resources utilize MediaWiki (for more details, see: http://gicl.cs.drexel.edu/wiki/CIBER-U) and have been used to engage nearly 7,500 engineering students across nine universities over the past three years.
As part of this effort, we formalized a framework to classify product dissection activities based on the nature of the assignment and the level of the student involved [13] . Shown in Figure 2 , the framework utilizes two axes to indicate: (1) the amount of guidance provided by the instructor through either oral or written instructions, and (2) the students' required engineering knowledge, ranging from students being able to answer how questions (e.g., how does the device work?) through product dissection to why questions (e.g., why did designers choose this material?) that can be answered through reverse engineering activities [13] . A description of the level and type of activity in each quadrant follow the figure. This framework has helped us organize new and existing activities while fostering adoption in the engineering design community.
Descriptions of Quadrants in Framework: I. Expose -Best suited for 1 st and 2 nd year courses to familiarize students with products and artifacts in a structured way, to teach students engineering vocabulary and terminology, and to overcome any anxiety with engineering; must be highly structured to ensure proper progress through the activities. II. Inspire -Useful in 1 st and 2 nd year courses to introduce design, graphics, or reinforce fundamentals from engineering courses such as statics and mechanics of materials; usually less structured to promote self-discovery. III. Inquire -Primarily used in 3 rd and 4 th year courses to provide hands-on activities to reinforce engineering principles and theory; usually highly structured to ensure that the material is covered properly. IV. Explore -Appropriate for 3 rd and 4 th year design courses to support idea generation, redesign, and benchmarking; application of 'core' engineering knowledge; or an integral part of a design process; usually requires the least amount of supervision -intended to foster self-discovery.
Figure 2. Framework for Classifying Product
Dissection-based Activities [13] Within the context of this product dissection framework, we have created two new classes of exercises for product archaeology that leverage our investigations into cyberinfrastructure. The first is referred to as competitive "dig" wherein small teams of students enter into a time-based competition to unearth the global, societal, economic, and environmental impact of a product (e.g., a bicycle). The second
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is a collaborative "dig" wherein students work together as a team to dig more deeply into the global, societal, economic, and environmental issues of a product (e.g., a washing machine) over an extended period of time. Consistent with Quadrant I in Figure 2 , both types of exercises provide specific guidance to students for "digging" into the "How" of the product they are dissecting (e.g., how does your product impact the environment?). The level of guidance can be as simple as "Find one interesting fact about the global, societal, economic, and environmental impact of your product", or as specific as "Identify how customer needs in Japan drive the design and production of bicycles compared to those in the United States". As such, the exercises are intended to complement existing product dissection activities, not replace them, and expose students to the global, societal, economic, and environmental impact of the products they are dissecting.
In both "digs", students report their findings using a Wiki that faculty administer. Each student is assigned a unique login for the Wiki, which allows faculty to track individual submissions for grading. The Wiki also provides a shared resource that everyone can access from any computer at any time. This allows students to post their results and findings whenever they like, and it is because of this aspect of the shared Wiki that we can construct these "digs". In particular, the timebased element of the competitive "dig" is enabled by the order of the Wiki postings-once a team has posted their findings about, for example, the environmental benefits of riding a bike or their use as a primary mode of transportation in certain countries in Asia, then other teams are no longer allowed to post the same finding and must uncover additional information. This has parallels in archaeology, namely, if someone has already made a "discovery", then the finding is no longer new, and the other archaeologists have to keep digging until they make a unique find. Meanwhile, for the collaborative "digs", students can work together in a distributed manner to uncover the global, societal, economic, and environmental impact of their product using the Wiki as a shared resource to monitor their teammates' findings and post their own findings no matter where they are doing their "site" investigations. Furthermore, having each team focus on a different product in their "dig" removes the competitive nature of the assignment, and allows them to spend more time digging deeper into the global, societal, economic, and environmental impact of their product. Specific examples of both types of exercises are discussed next.
COMPETITIVE AND COLLABORATIVE "DIGS"
Initial Offering
Penn State has offered a product dissection course for nearly 15 years [3] . Modeled after Professor Sheppard's Mechanical Design course [1, 2] , it is divided into three "modules" that each span five weeks. The first five weeks are spent dissecting and analyzing bicycles, followed by five weeks on appliances, and five weeks on a single cylinder internal combustion engine. Like most courses of this nature, the majority of the product dissection activities focus on the functional and technological aspects of the products (e.g., how do they work, how are certain parts manufactured, what types of gears, bearings, etc. are used?). Details on the course objectives, individual product dissection activities, and associated lecture materials can be found online at: http://www.mne.psu.edu/simpson/courses/me240/. The course is intended for sophomores and juniors, and it is one of three required courses in the Product Realization Minor [27] . Each five week session is also taught concurrently as a first-year seminar course, exposing freshmen to engineering design through product dissection.
In Spring 2010, two competitive "digs" and one collaborative "dig" were created to complement the in-class dissection activities. The two competitive "digs" were for (1) bicycles and (2) single cylinder internal combustion engines, and the collaborative "dig" focused on one of four large-scale appliances-dishwasher, LCD television, refrigerator, and washing machine-that students had at their disposal to dissect and analyze. Both types of "digs" included a brief overview of archaeology followed by a synopsis of what we meant by product archaeology, and they concluded with the assignment. Figure 3 shows the competitive "dig" that we used for the bicycle, and a similar "dig" was created for the single cylinder internal combustion engine. For the collaborative "dig", teams were asked to create Wiki reports for their appliances and find "2-3 interesting facts about the (1) economic, (2) environmental, (3) global, and (4) societal impact of the product and include these on the Wiki".
These "digs" were assigned mid-way through each five week session so that students had some familiarity with the functionality and technical aspects of the products they were dissecting before performing the "dig". For the competitive "digs", students worked in teams of four to investigate the global, societal, economic, and environmental impact of their bicycle or single cylinder internal combustion engine within the allotted time frame. As indicated in the assignment, once a team posted their findings on the Wiki, the other teams had to find something new to post. There were approximately 10 fourperson teams for each of these "digs". For the collaborative "dig", four large teams were created (8-10 students/team) with each team focusing on a different appliance (i.e., dishwasher, LCD television, refrigerator, and washing machine).
Wiki accounts were created for every student in the course, and results are available online at:
• Bicycles: http://gicl.cs.drexel.edu/wiki/Bicycles • Appliances: http://gicl.cs.drexel.edu/wiki/ME240_2010S • Single cylinder internal combustion engine:
http://gicl.cs.drexel.edu/wiki/ME107/240_2010S Responses varied widely as can be seen on these Wiki sites. For the bicycle "dig", for example, students reported:
o Bicycles as ambulances in sub-Saharan Africa o Bicycle parking structures in Japan o Electric bicycles in China
Product Archaeology: Bicycles
What is Archaeology? Archaeologists try to reconstruct the life and culture of past ages through the study of artifacts created by humans 1 . Archaeologists use a variety of tools and methods in their work, and their approach to a new site typically consists of four phases: (1) preparation, (2) excavation, (3) evaluation, and (4) explanation 2 . To prepare the site, archeologists might survey the site, take aerial photographs to assess the layout of the site, and research the history of the inhabitants. During the excavation phase, archaeologists may spend time digging and explore the site, looking for artifacts, tools, clothes, art, and other relevant evidence of its previous inhabitants. Depending on the nature of the site, the evaluation phase can include methods for chronological analysis (e.g., carbon dating), or analyzing the social, environmental, and technological aspects of the site and its inhabitants. Based on the evidence that is obtained, archaeologists conclude the study by developing suitable theories to explain what transpired at the site drawing from a wide range of theories (e.g., migration, diffusion) and explanations.
What is Product Archaeology?
From an engineering perspective, if we consider consumer products as the artifacts under investigation, then we can define product archaeology as the process of reconstructing the lifecycle of a product -the customer requirements, design specifications, and manufacturing processes used to produce it -to understand the decisions that led to its development. Product archaeology provides an opportunity to study not only the manufacturing (i.e., economic) issues of a product, but also the global and societal context that influenced its development. It also provides a context for studying the environmental impact of a product by considering, for example, the energy and material usage throughout the life cycle of the product (i.e., from cradle to grave). Through product archaeology, students try to place themselves in the minds of designers and in the time frame during which a specific product is developed to try to re-create the global and local conditions that led to its development.
Assignment: Bicycle Archaeology
After pairing up with another group of students, your team will play product archaeologists for the bicycles we have been dissecting. As a team, your goal is explore the (1) economic, (2) environmental, (3) global, and (4) societal context and implications of the artifact (i.e., the bicycle), and document your findings on a shared Wiki. Like any good archaeological dig, this is a race! Everyone in the class is contributing to the same Wiki; so, once a team finds and posts an interest fact or article, then your team has to keep digging until you find something new. Each group is expected to post and explain at least one unique fact, article, story, picture, etc. relevant to each of the four areas (economic, environmental, global, and societal) by ______. 
o Bike share programs in European countries o Programs to encourage people to bike to work o Statistics on bicycle commuters in US cities o Bicycle efficiency and fatality rates As these examples illustrate, responses were not focused on a specific make, model, or bicycle manufacturer. The findings were for bicycles in "general" but included very detailed articles, pictures, figures, charts, etc. about the impact in each of these areas. The responses for the single cylinder internal combustion engines were similar even though everyone dissected the exact same type of engine in class (3.5hp lawn mower engine). Students included detailed articles, pictures, figures, charts, etc., but there was a noticeable slant to findings and applications in the U.S. versus abroad (unlike the bicycles).
Responses also varied widely for the collaborative "dig", but they tended to focus more on the specific product and/or its manufacturer. For example, for the washing machine (a topload machine from Maytag), students compared top-load and front-load washers and reported facts and figures on the differences in their global, societal, economic, and environmental impact:
o Top load washers account for 65% of US market share o In Europe, front load washers are far more popular with 90% of the market share o The EU has standards for effective energy use in all washing machines -all washers must have labels containing information on washing performance, energy efficiency, and spin efficiency
o Front load washers require the user to bend over to load and unload clothes which causes fatigue o Top load washers generally contain an agitator which causes wear and tear on clothing o Top load washers can complete washing cycles much faster and can also be opened in the middle of washes if there is a need
o Top load washers cost significantly less than front load washers for the initial purchase; however, top load washers also have much higher energy costs making them more expensive in the long run
o Top load washers use about 3 times as much water as a front load washer; cannot utilize gravity to its advantage o Top load washers contain agitators and cannot fit as many clothes, which means more loads, wasting even more water Similarly, for the refrigerator, students compared and contrasted side-by-side (which they dissected) and freezer-on-top models while they focused on specific details about the manufacturer for the dishwasher (made by Electrolux) and the LCD television (made by Sony).
To enable comparisons across the different exercises, we categorized each response in two ways. First, we evaluated the reported impact (i.e., global, societal, economic, and environmental) as being either positive (+), neutral (0), or negative (-). These results are summarized in Table 1 . We also categorized each finding based on whether it impacted the design of the product (e.g., an energy star rating dictates how the product is designed) or was an impact that resulted from how the product was designed. If the finding fell into this latter category, then we also categorized it as being positive (e.g., health benefits of bicycling), neutral (e.g., fluctuations in retail price of gasoline), or negative (e.g., cost to manufacture and maintain a bike per mile is 4x more than a car). The results of this categorization are summarized in Table 2 . Based on Table 1 , we see that bicycle-related findings tend to be much more positive than those for the single cylinder internal combustion engine across all four factors. This suggests that students tend to have a much more favorable impression of bicycles (e.g., good for your health and the environment) compared to engines (e.g., bad for the environment), which is thus reflected in the findings they report. Interestingly, a large portion of the bicycle responses are those that impact the design of the bicycle (e.g., modifying a bicycle to make it an ambulance in sub-Saharan Africa) while the engine responses were biased toward the impact it has on these four factors because of its design. We believe this is due in part to the complexity of the product (e.g., bicycles are relatively simple to design, build, and understand compared to an engine) combined with the way in which engines (and automobiles) are portrayed in the media and discussed in other courses. However, this is not consistent with the findings for the appliances from the collaborative "digs". As seen Table 2 , many of the findings are geared toward those impacting the design of the product (e.g., energy star rating and its impact on the performance requirements for an appliance) despite their complexity. The LCD television is the notable exception of the four appliances perhaps because the "guts" of the product are primarily circuitry and electronics, making its operation a mystery to students when they dissected it. Interestingly, while most of the findings for appliances are positive or neutral, the reported impact of the LCD television (mostly societal) was neutral to negative, which may have been shaped by influence of media reports on televisions creating "couch potatoes" and contributing to people's increased levels of inactivity. The results depict the associations the current generation of students have with different products, and summary remarks of both sets of "digs" are provided in Table 3 . Future "digs" will be designed and manipulated to investigate these associations and influences more explicating on students' reported findings. For instance, some students could be given a positive article to read before their "dig" while others could be given an article with negative connotations about a product before their "dig". This data provides a good baseline to compare future responses as more hybrid and electric cars enter the marketplace. 
Follow-Up Offering
As a follow-up to this first offering, we implemented a modified collaborative "dig" in Fall 2010 that provided more specific guidance to students in terms of the global, societal, economic, and environmental impact that we wanted them to explore. This "dig" was part of senior technical elective on concurrent engineering practice for students predominantly in industrial engineering and mechanical engineering. The course is also one of the three required courses for the Product Realization Minor and is intended as a follow-on to the product dissection course; however, the product dissection course is not a pre-requisite for this concurrent engineering course.
As part of the course, teams of 3-4 students each were dissecting and analyzing a specific coffee-maker while also applying tools discussed in the course (i.e., House of Quality, Failure Mode Effects Analysis, and Design for Manufacturing and Assembly). To complement these regular course activities, a collaborative "dig" was introduced to explore specific aspects of the global, societal, economic, and environmental impact of their coffee-maker. Specifically, each team was asked to assess their coffee maker from the following perspectives: 1. Global: Where does coffee come from? Investigate the global supply chain for coffee, tracing the origin of coffee from where it is grown (pick one of the many countries that supplies coffee) to where you purchase coffee for use in your coffee maker. Also, what can you discern about the origin of the coffee maker itself? Where was it made? Were all of the parts fabricated in the same place? 2. Societal: What impact has coffee had on our society?
Examine the trends of coffee drinkers in the U.S. over the past decade and compare them to the trends over the same time period in one other country of your choosing. How do cultural and societal differences in these two countries drive the design of the coffee maker? Consider things like frequency of use, location of use, strength of coffee, amount of coffee, etc. 3. Economic: How much does a cup of coffee cost? Perform an economic analysis on your coffee maker. Make sure to factor in the cost of electricity, water, filters, and coffee grounds as well as the cost of the coffee maker itself, amortized over its expected life. Are there any other costs associated with making a cup of coffee at home? How does this compare to buying a cup of coffee at Dunkin Donuts or Starbucks? 4. Environmental: What is the environmental impact of your coffee maker? Again, how much water, electricity, coffee, and filter material are you using to make each cup of coffee? How does this compare to buying a cup of coffee each day at Dunkin Donuts or Starbucks? What impact does that have on the environment (e.g., container, sleeve, milk/cream, sugar)? Is it more (or less) then making coffee daily at home? What about the coffee maker itself: can any of it be recycled, reused, or remanufactured after it has served its useful life? Is there a market for refurbished coffee makers? Why or why not?
Reporting was not done online via the Wiki since everyone was working on a similar product. Instead, reports were prepared in Microsoft Word and submitted to the instructor for grading, and presentations were developed in Microsoft PowerPoint so that results could be shared with classmates. Students had five weeks to complete this assignment, i.e., from the time it was introduced to the time their report was due. Given the narrowed focus on this assignment, responses tended to cluster around similar themes. For instance, for the global impact, students focused either on Fair Trade coffee practices or the differences between shade grown and sun grown coffee around the world, and everyone correctly ascertained that their coffee makers (low-end models from Mr. Coffee and Black & Decker) were manufactured in China and shipped and distributed to the U.S. under different brand names. The societal differences were the most diverse as nearly every team picked a different country for their analysis. There were many international students in the course, and they compared coffee consumption in their home country to that in the U.S. as one might have guessed. The individual elements of the economic analysis were nearly identical across groups; however, each team's assumptions about the cost of water, electricity; much coffee someone drank each week; the amount of coffee used per cup; etc. fluctuated widely. Despite these variations, everyone correctly determined that making and drinking coffee at home is much cost-effective than buying a cup each day from a Dunkin Donuts or Starbucks.
The environmental impact of these buying decisions also astonished many students. For example, many teams investigated the amount of material (e.g., cardboard) that was "wasted" each year by buying coffee at places like Dunkin Donuts or Starbucks. Many teams became strong advocates for improved recycling programs of not only the cups but also coffee makers and coffee grinds as a result of their findings.
After finishing the "dig" and submitting the report, students were asked to complete parts of the E2020 national student survey (http://www.ed.psu.edu/educ/e2020/surveys-1). Overall, the survey asks students to evaluate the emphasis and impact that all their engineering courses have had on ethical issues, life-long learning, beliefs/values, cultural diversity, creativity, workforce trends, emerging technologies, practical use of theories, professional skills, communication skills, leadership skills, working in teams, project management, cultural context of engineering solutions, the impact of nonengineering fields, systems thinking, the application of knowledge from other fields to solve engineering problems, defining a design problem, and generating solutions to an engineering problem. The survey was tailored to evaluate the emphasis and impact of the course and the collaborative "dig" had on the same set of issues. Specific questions included, for example, "Overall, how much have all the courses (specific course with "dig" exercises) you've taken in your engineering program collectively emphasized each of the following Topics in Engineering (Professional Skills, Problem Solving Skills)." The survey was administered during Fall 2010 as a pilot, and 16 surveys were collected for preliminary analysis. The sample was approximately gender balanced (7 females, and 2 did not indicate gender), and comprised of junior and senior students.
The analysis focused on selected survey scales (from the total set provided in Table 4) , and the different levels of emphasizing global, societal, economic, and environmental issues in a course setting through the collaborative "dig" versus in engineering courses in general. Because the sample is small in this pilot effort, we are not analyzing potential covariates (e.g., gender and class standing) for this sample; follow-up assessment is planned for future semesters, however. Scale validity has already been verified in previous studies (see: http://www.ed.psu.edu/educ/e2020/surveys-1) and was repeated for our specific project [28] . Reliability can be estimated by four methods: the re-test method, the alternativeform method, the split-halves method, and the internal consistency method. The internal consistency method is the most suitable method for estimating reliability in our case as this method does not require splitting or repeating of items. Cronbach's alpha is the most popular reliability estimate [29] . Cronbach alpha scores for our scales were found to all be at acceptable levels (12 out of 15 greater than 0.8).
As part of this preliminary assessment, we present the descriptive statistics for 3 scale pairs (10-13, 11-14, 12-15) . Note that each scale has multiple sub-items, which are listed in Tables 5-7 . With reference to the descriptive statistics, we can conclude that, by and large, the course modified with the collaborative "dig" exercise was perceived to be at least as much or more contributing to the items of scale pairs 10-13 and 12-15 -observed in bold face mean values. These results are confirmed in Figures 4-6 which show the percentage of students who rated their agreements as strong or very strong for scales 10-13, 11-14, and 12-15, respectively. Considering that the first item in scale pair 12-15 is "Understanding how an engineering solution can be shaped by environmental, cultural, economic, and other considerations", overall it can be concluded that the efforts presented are in the right direction. The percentage of students who rated their agreement with the above statement as strong and very strong was 67% for the "dig" course while it was only 40% for "all courses taken in engineering". These results indicate that the "dig" is starting to create the desired effect and may be helpful to use in other courses to address ABET's Outcome h.
Across all the scale item pairs, paired t-tests revealed that only "Understanding how non-engineering fields can help solve engineering problems" is significantly better. We believe that this result is tied to the nature of the "dig" and the opportunity to explore issues that are not typically covered during product dissection activities and in engineering courses-exactly what we are hoping to achieve via product dissection. We note, however, that the sample size is too small for a conclusive judgment, and the assessment will be repeated in subsequent course offerings with a larger sample size.
Overall, across the scale pairs, the perceived impact of all other engineering courses students have taken versus the "dig" course alone, the results point to the effectiveness in contributions to one carefully designed course or set of product archaeology activities in this case to increasing the awareness of our students in certain topics in engineering as well as problem solving and professional skills development. 
CLOSING REMARKS AND FUTURE WORK
Product dissection has a long, rich history in engineering education, and recent advances in cyberinfrastructure provide unique opportunities to expand and enhance these activities and create new pedagogical paradigms rooted in product dissection. In this paper, we have started to articulate a new paradigmproduct archaeology-and described how it can be used to address challenges many departments are encountering with satisfying one of ABET's more difficult criteria (Outcome h) within curricula that are already "packed". To foster this new paradigm, we have created two new classes of exercises that utilize Wiki technology to expose students to the broader impacts of the products they are dissecting. Competitive "digs" pit teams of students against each other in a time-based competition to unearth the global, societal, economic, and environmental impact of a product while collaborative "digs" allow students to work together to dig more deeply into these issues over an extended period of time. Results from initial offerings of both of these types of exercises are summarized and compared along with a preliminary educational assessment of one of the collaborative "digs".
There are many improvements that can be made to these "digs". For instance, the exercises should be designed to have students reflect more on the implications of their findings rather than just stating the facts that they uncover. The Wiki materials could also be used to focus students' attention on particular subsystems to trace the impact more explicitly to the product and its design. Early responders on the competitive "digs" will not see what late responders submit, and opportunities for discussion are needed to share students' findings with the larger class.
Alternatively, in-class debates could be used to compare/contrast the findings after the assignment is completed; however, class time may not allow this. Having examples of "good" responses would improve the quality of the responses, which was not evaluated at this point. The current results can be used to create exemplars to improve future "digs". Finally, (re)design exercises could be developed based on these findings and used in subsequent courses to increase the depth of the "dig" and engage students in other engineering courses (e.g., thermodynamics, heat transfer, solid mechanics).
